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Abstract: ‘This paper describes the 1 demand

Access Network Scheduler (IDANS) system

for automatically scheduling and rescheduling

resources for a network of communications

antennas. 1 )ANS accepts a baseline schedule

and supports rescheduling 0f  antenna and

subsystemcsources (o satisfy tracking goals

in the. cvent of: changi ng track 1equests,

cquipment outages, and inclement weather.
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1. INTRODUC I'TON

The Decp Space Network (1 )SN){?2] was
cstablished in 1958 and since then it has
evolved into the largest and most sensitive
scientific  telecommunications  and  radio
navigation network in the world.  The
purposc of the DSNis to support unpiloted
interplanctary ~ spacecraft  missions  and
support  1adio  anti  radar  astionomy
observations in the exploration of the solar
system and the, univer se.. ‘1 here are three
deecp Space communications  complexes,
located in Canberra, Australia, Madrid,
Spain, and Goldstone, California.  1iach
SN complex operates four deep space

stations -- onc 70-meter antenna, two 34-
meter antennas, and one 26-meter antenna.
The functions of the DSN are to receive
teler netry signals fromn spacecraft, transimit
commands that control the  spacecraft
operating  modes,  gencrate  the  radio
navigation data used to locate and guide the
spacecraftto its destination, and acquire flight
radio science, radio and radar astronomy,
very  long  bascline  interferometry, and
geodynamics measurements.

1 rom its inception the 1SN has been dri ven
by the nced to create increasingly more
sensitive  telecommunications  devices  and
better  techniques  for  navigation. The
operation 0 f  the DSN communications
complexes require a high level of manual
interaction  with  tile  (icvices in the
communications link with the spacecraft. In
mot ¢ recent times NA SA  has added some
new drivers to the development of the 1)SN:
(i) reduce the cost of operating the DSN, (2)
improve the operability, reliability, and
maintainability of the DSN, and (3) prepare
for a newcra of space exploration with the
New  Millennium  program: support small,
intel 1 igent space.craft requiring very  few
mission operations personnel.

The purpose Of this paper is to describe The
i YANS system for rescheduling and resource
allocation for antenna anti  subsystem
resources inthe 1SN 1TANS winks from an
initial schedule and uses p rioritized pre-
cemptionand localized scarch to find ante.i~lla
and other equipment resources required (o
support changes to schedule 1equirements
which may be caused by a wide range of
circumstances  including:  changing  track
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requitements  from the  flight  projects,
cquipment outages, and inclement weather.

This paper 1S organi zed in the following
manncr.  We begin by characterizing the
current mode 0 f operations of the DSN,
N e x t we describe the architecture
automation  of multipleleyels of  * I'X
operations. In part icu lar, we describe the
role of and relationship between: the Demand
Access Net work Schieduler (i DANS) system
for automated resource al locat 1on, 1 OP1 AN
[3,4], for automatically constructing tracking,
plans, and the NM (7, a plan exccution and
monitoring system. 1 naddition we provide
examples of the inputs and outputs to cach of
the components to illustrate what occurs al
cach step» in the process  of capturing
spacccraft data'

2. HOW THIE DSN OPERATES
Voyager- | IS cruising at 17.5
kilometers/second towar d the outer edge of
the solar system. ‘Though its onboar d
systems are mostly asleep during this phase.
of its mission, Voyager’s health metrics are
continually sentto I<arth viaa telemetry sipnal
radiated by its 40-wait transmitter. 1t will
take cight hours at the speed of light for the
signal 1o reach its destination, Farth, a billion
miles away.  Upon arrival, the telemetry
signal is rccecived by an extremely sensitive
ground communications system, NASA’s
Deep Space Networ k (DSN), where it is
1 ecorded, processed, and sent to the M ission
Opcrations and Voyager project chginecrs,
who assess the health of the spacecraft based
on the contents of the signal.

The type of activity justdescribed occurs
daily for dozens o f  different NASA
spacecraft and projects that use the DSN o
capture spacecraft data. Though the process
of sending signals from a spacecraft 1o 1 farth
i s conceptually simple, in reality there are
many carthside challenges  that must  be
addi e ssed befor ¢ a spacecrafCs signal i S
acquited  and  tansformed  into usefu]
information.

"For a further description of DSN antenna operations
as at | applications arc for planning and plan execuiion
see (Chien et al. 1990)

Network Preparation at the Network
Operations Control ("enter

The firststage of the DSNtracking process is
called Network Preparation and it occurs at a
central contro] ce nter for the DSN located at
IP1. called the Network Oper ations Control
Center (NOCC). The project initiates
Net work P1c paration by sending arcquest for
t h e DSN to track a spacccraft involving
specific tracking ser vices. The 1 )OSN
responds to the req uest by attempting to
schedule the resources (i e., al] antenna and
other shared equipment) needed for the track.

Along with this request, the project prepa res
a Sequence of vents (,SOl{S describing the
time- ordered act ivities that should  oceur
during the track. The SO includes actions
that the DSN should take, (c. g., begin
1 acking the project’s spracecraftat 12007
JIOLI[ S), and it alsoincludes ¢ vents that will
occur 011 the spacecraftbeing tacked (C .g.,
the spacecraft wil 1 change frequency or mode
at a designated time).  These events are
important because they affect how the 1SN
provides the services. | he project SOE is
sent to the DSN, which then generates its
own version, called a Ground Network SOL:.
‘The Ground Networ k SOF Y 1S a more
claborate version of the project Sol ¢ in that it
expands  t h e activitics from high level
descriptions (e.g., begin tracking the
spacecraft) into a finet level of detail for use
by the operations personnel at (he. deep space
station. The Ground Network SOIE IS sent to
the Deep Space Station (1)SS) , where the
antennas used to perfor m the actual track are
located.  Along with the Gi ound Network
Sol {awide range of required suppot t data
arc transmitted - such as the  predicted
location of the spacccraft, etc.

Data Capture At The Signal Processing
Center

The data capture process 1s performed by
operations personncl at the deep space station
- they determine the correct steps to perform
to configure the cquipment for the track,
perform the actual establishiment of the
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Figure 1. An Automation Oriented View Of
1Licep Space Network Operations

communications link, which we hereafter
refer to as a ‘link’, and then pe rform the track
by 1ssuing control commands to the various
subsystems comprising, the link. Throughout
the track the operators continually monitor the
status of the link and handle exceptions (e¢. g,
the receiver breaks lock with the spacecraft)
as theyoccur. Al of these actions are
currently performed by human operators,
who manually issue tens o1 hundreds
commands via a computerkeyboard 10 tile
link subsystems. ‘The monitoring activitics
require the operator to track the state of each
of the subsystems in the link (usually three. to
five subsystems), where each subsystem has
many different state variables that change
over tinc.

Automation Systems

In the last section W described the cur rent
labor-intensive process for transforming a
flight  project  service request  into  an
executable set of 1SN operations.  if forts
arc cutrently underway to automate aspects Of
these tasks. In - particular, DANS is being,
developed to automate aspeets Of the resource
scheduling process, DPLLAN is being ficlded
to automate generation of the tracking plans,
and the NMC systc.in is being ficlded to
automatically  exccute  the  operations
procedures.

3J.AUTOMATED SCHEDULING O 1) SH
RESOURCES - OVERVIEW

1iachweek, a complex matching process
between spacect aft project conmmunication
service requestsand N A SA  Deep Space
Network (DSN) resources occurs. In this
process, project requests and prior ities are
matched up with available resources in order
to meet communications ‘needs for car (h-
orbiting and deep space spacccr aft. This
scheduling process involves considerations
of thousands of possible tracks, tens o f
projects, tens 0 f antenna resources wand
considerations Of hundreds of subsystem
configurations. Once this initial schedule s
produced (8 or more weeks  before
inplementations), 1t undergoes continual
modification duc to changing project need s,
cquipment availability, and weather
considerations. Responding to changing
context and minimizing, dist uption  while
rescheduling isakey issue.

This  paper  describes the 1 emand- based
Automated Networ k- Scheduling  System
(1> ANS), an autor nated scheduling system
being developed at the Jet Propulsion
Laboratory (JP1 ) o schedule DSN
resources. 1 JANS uses priority- di iven, best-
first, constraint -bascd scarch and iterative
optimization techniques to ]xI-fol-in priori -
bascd rescheduling in response to changing
network demand. In this techniques, DANS
first considers the antenna allocation process,
as antennas are the centr al focus of resource
contention.  After cstablishing a range of
antenna  options, DANS  then  considers
allocation of the 5-13 subsystems per track
(out of the tens of shared subsystems at cach
antenna complex) used by cach track. DANS
uses constraint-driven, branch and bound,
best first scarch to efficiently consider the
large set of possible subsystems schedules.

The high level resource al locat ion pr oblem
for the smaller T OSSN antennas (20M and
smaller) i's currently handled by the OMP
scheduler. in the future, an evolution of
OMP called the 1 demand Access Net work
Scheduler (DANS) scheduling system i s
designed to address rescheduling for the
centirte DSN (c.g., all antennas and antenna



subsystems). OMP  accepts  genceralized
servicerequests 11701171 spacecraft projects of
the form "we need three 4-110111° tracks per
week” aundresolves conflicts using a priority
request  scheme o attempt  to maxinmize
satisfaction of high priority projects.  OMP
deals with sched ules for NASA's 26-meter
subnet involving thousands of possible tracks
and a final schedule involving hundreds of
[sacks.

4. DOMAIN CHARACTERISTICS

In addition t o the basic antenna resource
allocation problem, the DSN  scheduling
problem i s further complicated by three
factors: (1) context-dependent priority; (2)
subsystem allocation; and (3) the possibility
of reducing the length of the tracks. DSN
track prioritics are context dependent in that
they are often contingent on the amount of
tracking the project has received so far in the
week. | ‘or example, a project might have
priority 3 to get 5 tracks, priority 4 to get 7
tracks and priorit y 6 to get 9 tracks (wher e
lower prtorities represent mm ¢ impor tant
tracks).  This 1eflects that 5 tracks arc
necessary to maintain spacecraft health and
get critical science data to ground stations; 7
tracks will alow anominalamount of science
data to be downlinked; and 9 tracks wil |
allow for downlinking of all science data
(c.g., beyond this level additional trtacks have
litle utility).  An important point i S that
specific tracks are not labeled with these
prioritics (€. @., t he project is allowed to
submit 5 tracks at priority 3, 2 at priority 4
and so OH). Rather when consider ing
adding, dcleting, 01 moving tracks the
scheduler 1111151 consider the overall priority
of the projectinthe current alloc ation context.

In addition to allocating antennas, DSN
scheduling  involves  allocating  antenna
subsyste ms which are shared hy cach Signal
Processing  Center  (such as  telemetry
Jrocessor”  transmilters and - exciters).
Allocating these complicates the scheduling
problem because it adds to the number O f
resources  being  scheduled  and  certain
subsystems may only be required for parts of
the track.

Finally, the DSN scheduling problem i s
complicated by the fact that the track duration
can be relaxed. For example, a project may
req uest a 3 hour track but specify a minimum
track time of 2, hours.  When evaluating
potential | esource conflicts the  scheduler
must consider the option of shortening tracks
to remove 1esource conflicts. Currently OMP
and JOANS use a lincar weighting scheme in
conjunction with a modified SIMP1 EX
algorithm to trim tracks in accordance with
prioritizations.

1 YANS accepts two types of inputs: 1, an §-
week prior- to operation schedule from the
I<c.source Allocation and Planning (RAP)
team, and 2, acti Vity requests from cach
individual — flight  project.  The 8- week
schedule 1S the baseline for creating a
conflict-free schedule. Many of the scheduled
activities atthattirne are tentative at best, and
therefore subject to revision due to changing
p roject status. Also, the schedule is for the
antenna resources only; 1 ). SN subsy stem
scheduli ng is not considered at ]l in the §-
week schedule.

The activity tequests are used by the flight
projects to add and delete activities on an
existing sched ule due to changing project
requirements and/or resource availability. The
1)ANS objective isto satisfy as many activity
requests as possible while maintaining a
cmifiict-flee status with minimum disraption
to the existing schedule.

J DANS uses many data structur € classes 1o
represent  the  DSN - domain,  including
timel ines, projects, activities, and many
others to support the domain knowledge and
reasoning pro cess. Based 011 therequestas
well as resource constrai nts, DANS reasons
with the domain  knowledge,  employs
appropriate  strategies, considers  different
alternatives, and  eventualiy generates  a
conflict- free schiedule for all the. antenna and
subsystem resources. 1JANS is intended for
use by the operation personnel (o maintain
and update the 1 SN schedule throughout
cach schedule.

The DSN domain contains many resources.
In the existing configuration (as of July



1990), 1t consists of 11 signal processing
centers  (SPC), 45  antennas, and 101
subsystems. They are located at  different
sites around the world. The majority of the
anlennascanbe classified as 26, 34, and '70
meter anten nas. The 26 meter antennas on
average handles 600 activities per week. The
34 and 70 meter antennas performs over 200
activitics per week. Additionally, this
workload IS expected  to  increased
dramatically inthe nextseveral years.

The PDSN domain has many unique attributes.
During the mission design and pre-planning
stage.s (many years prior to a spacecraft
launch), projects identify items such as
uplink and downlink frequencies, Mmajor
cvents which will occurduring the life of the
spacecraft, and the expected life of the
space.craft. "Thisinformation is used to create
a long-ter m resource schedule (8 weeks 01
more). During DSN  routine  operation,
regular communic ations between the ground
stations and the spacecraft are required to
command the spacccraft, to  monitor
Space.cl’aft status, and to collect scientific
data. These activitics are submitted to and
modified on the near-tcam schedule (8§ weeks
or less) on arcgular basis.

Another issue is the placement of activities
onto the schedule. The possible times fora
spacecraft track are limited by spacecraft orbit
views, which are the. periods in which the
spacecraft IS visible from a ground station.
Also, the range from the antenna to spacecrafl
dictates the quantity and types of antenna(s)
required for cach activity. Sometimes, an
array of multiple antennas instead of a single
onc 1S required to communicate with the
spacecraft. 1 N addit ion, the uplink and
downlink activitics can occur on different
antetlnas, and can be several hours apart
imposing additional depcndencics  between
activities,

There are two types of activitics in the DSN
domain: spacccraft activities and ground
activities. Spacecraft activities arc submitted
by projects and used to interact  with
spacecraft. They are required to satisfy the
domain constraints above. Ground activities
represent hardware maintenance.  Antenna
time which is not occupied by spacecraft

activitics isused forground activities such as
non- regular maintenance requirements and
testing, with maintenance  having  higher
priority.

Fach DSN spacecraft activity IS divided into 3
steps: pre-calibration (precal), tracking, and
post-calibration (postcal). The time periods
for cach step arc specified in ranges o f
value.s. The time periods arc unique for cach
activity type, and depend onthe ante.nna type
and subsystemn usag ¢. DANS models this
dependency by cither shrinking or shifting
activitics 1o maximize resource utilization as
dictated by activity type, antenna type, and
subsystc.in usage.

DANS is required to schedule two different
kinds o f DSN resources: antennas and
subsystems. Antennas and subsystems are
Unit resources and as such can not be shared
by 11101’C than  one activity.  Subsystem
resources arc hardware such as transmitlers
which are required to work with an antenna
during communication. Normally, there are
many picces Of hardware that support each
antenna and DANS is required to generate a
schedule which allocates  all  necessary
subsystems.

5. PROBLEM REPRESENTATION

The following data structures are used in
DANS to represent t h e DSN domain
information, and for supporting the inference
process: capacity timeline, project, and pass
classes. 'These data structures are described
below.

Capacity Timeline Class

The DSN consists of many SPCs situated
around the globe. Each SPC may contain one
01 more antennais. The antenna sizes range
from 9 meters for communicating with low
carth orbit spacecraft to 70 mecters for
communicating With deep space  Space.cnft.
In addition to the antennas on cach SPC site,
there are many subsystems associated with
tile SI Cand the antennas. The current
physical arrangement of the DSN makes it
natural to represent these resources in a
hicrarchicalmanner as shown in 'igure 1. At



the top o f the hicrarchical tree is a SPC
1esow ce. 1 fach SPC contains one 01 more
antennas, which are the children 01 the SPC .
There are @l S0 many SPC subsystem
resources residing also as children of the
SPC. Foreach iinlc.[ins inthe hicrarchy tree,
therc are many 1 )SS subsystems associated
withit. ‘2’0 fui ther iHlustrate this hierarchy,
Figure 2. shows the hicrarchy for the SPC- 10
DSN complex.
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Figure 1: DSN Resources Hierarchy
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Figure 2: SPC- 1 () Resource 1 licrarchy
Example

All the ] )SNicsources arc rept esented by the
capacity timeline class (CptyTimeline). The
CptyTimeline models a resource’s usage at
any instant of time for the duration of a
schedule. It is composed o f one or more
instances  of the capacily unit  class
(CptyUnit). A CptyUnitisused 10 represent a
constantresource usage. within a time period.
Shown in  Figure 3 is the timeline
representation  of the 1 )S8S-26 antenna
1CSOUTCE.

Since the Cpty'Timeline represents the state of
a resource for the schiedule’s duration, it is
t h e most often used data stracture in the
system. The CptyTimeline iSconstantly being
modified and updated during the mference
process to reflect the state of the resou ree at
that instant of time. 1 n o1 derto increase the
system p erformance, a time slice caching
scheme is usedto expedite (tic query process.
The scheme equally divides the timeline into a
number of buckets. 1 Juring a query, the
system Will have to find the bucket that
contains the moment first, thenit will scare.h
sequentially within that bucket to match the
query. For example, when the system looks
for a CptyUnit which containsthe 1:30
moment as shown in Figuie 3, it first
identifies Bucket #2 as the container which
includes the 1:30 moment. Then it traverses
down the timeline starting from the beginning
of Bucket #2 untilitlocates the CptyUnit that
contains the 1:30 moment.

Buc ket 41 . BUC ket #? | .*__.__,J Buckgt_ 13
[)SS-26 ['}"_'_ijfIffIi jz_LiizQ,_ Q21 11 7 0 ]
23:00 00:00 01:00 02:00 03:00
usage 6/1 9 CptyUn it

Figure 3: Capacity Timeline Resource Representation




6. INFERENCEENGINE

The cur rent version of DANS employs  a
priority-bascd inference strategy to satisfy the
project  requests. Future versions w i | 1
icorporatc o t h e r strategies to make the
reasoning process more robust,

‘The major bottleneck of the DSN domain is
the antenna resources. This is due to the fad
that there are limited numbers  of antennas
avail able, and they can only commit to onc
activity il any given time. On the other hand,
time arc many identical subsystem resources
that support unexpected cvents,
Subscquently, the scheduling  of  the
subsystems is stitlimportantbutless critical.
Using atop-down approach, theinference
engine can focus on conflict resolution of
critical resources first. “1"hell, it can reason at
the next level of abstraction to resolve less-
critical resource conflicts. The Priority-Based
strategy exploits this representation to reason
at both the ante nna and the subsystem levels.

The scheduling process is separated into three
major sieps. First, the system gencrates an
exhaustive list of solutions for cach activity
request at the antent 1a level. Sccond, this
solutions list is then applied to the subsystem
levelto pick the best solution. Finally, the
activity is placed onto the schedule. If the
activity addition causes another activity
deletion, the deleted activity(ies) will be
rescheduled  immediately.  1or  ground
subsystem maintenance activities which do
not require antennaresources, the scheduling
process w i |1 skip the first step(antenna
scheduling)  and  start from tile. second
step(subsystem  scheduling). The  antenna
inferencing  and  subsystem  inferencing
flowcharts arc shown in Figures 4 and 5.

At the DSN antenna inferencing level, the
system first se lects an activity request (ACT)
and then validates the window in which the
ACT can cxist on the schedule. This window
is then mapped into the spacectaft orbit views
inorder to identify the intervals at which a

specific antenna can view the spacecraft. The
iesult is a list of onc or more valid intervals
within the window. l‘'orcach possible
interval, the system tries to schedule the ACY
into 1t. When conflict arises between the ACT
and the current schedule, the system first trics
to shift the ACT within the interval. If this
action does not resolve the conflict and the
conflicting activitics have lower priority, the
system identifics the conflicted activity (ies)
for deletion. If a solution exists, then the
committed time slot, conflicting activitics,
alonig with the costindex is storedina list for
later comparison. After the system identifics
ail possible solutions at the antenna level, it
sorts the solutions based on the cost index so
that the best solution will be placed at the
beginning of [he. list.

At the. DD SN subsystem inferencing level,
DANS first identifies  all the subsystems
which are required to support the ACT. Then
DANS selects the first available antenna
solution, and trics (() schedule the ACT to
cach of the subsyste ms at the specified time
slot.

If conflict exists, it will try to resolve itas
described above. When a solution exists, the
system calculates the completed solution cost
for both the antenna(s) and subsystems, and
comparcs them to the previous completed
solution costs and next antenna solution. |If
the current solution cost is 1ess than or equal
to the other solution costs, the system will
commit to this solution, and will schedule the
ACT to this specified time slot, Otherwise,
this solution™ willbe saved for future
reference.

After the system cvaluates all the antenna
solutions at the subsystem level, it will pick
the best solution with the low est cost to
schedule the activity request. If this action
requires deletion of - other lower prioritized
activitics, the se deleted activities will be
submitted back to the schedule as a request
inmediately.
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1 DANS uses an cquation to calculate cach
solution’s cost. The equation is as follows:

NAD * activity priority

Solution Cost =
NAD - (NAD-1)*0.]

where NAD =number of deletions required
to schedule the current activity.

The cost is basal on the activity priority.
When there is no dcletion required for
scheduling the ACT, the cost is zero. When
onc dcletion is required, the cost is cqual to
the activity priority. When there is morc than
onc deletion required in order to schedule the
ACT, the cost increases with the. number of
deletions.
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7. PR ORITY-BASED RESCHEDU] NG:
AN EXAMPL K

This section provides an example of how
DANS places an activity request into an
existing schedule,

Initially, the DSS-14  antenna  and s
subsysteins have committed their resources (o
two activitics between 6:00am and 10:15am.
Activity PO has a valid window from 7:45am
to 12:45pm, and occupics the 7:45am (o
8:45am time slot. Activity PPl has a valid
window from 9:15am (o 12:45pm,  and
occupies the 9:15am 1o 10:15am time slot.
Both PO and PI are DSN ground activitics
with prioritics cqual to 4. Aclivity PO is a
Galilco activity which requests a two hour
duration between 5:45am and 10:15am on the
DSS-14 resources. P6 has a priority value of
3, which is higher than the priority of both
PO and P1. Subscquently, PP6 can bump these
two activities from the timelines  when
conflict arises. This information is shown in
Table 1

The DANS objective is to commit 1SS-14
and subsystem resources to P6 activity and to
maintain  the  conflict-free  schedule  with
minimum disruption to the existing schedule.
The DANS  scheduling  process  involves
hypotheses generation, conflict identification,
and conflict resolution. See Figure 6 for the
scheduling  sequences  for  this example.
Appendix C contains the actual DANS output
for this example.

For the Galileo P6 request, DANS  first
identifics all orbit views which are subsets of
the PO valid window. This cnables DANS to
filter out the invalid gaps and limits the scarch
space. Tor this example, there is only one
orbit view existing from 6:00am to 10:00am.

Then the system turns its attention to the
critical —antenna resource to gencrate
hypotheses. It traverses within the valid orbit
view duration on the DSS-14  antenna
timeline (o identify time slots which can
satisfy the 2 hour duration constraint. There
are two valid time slots: Time Slot 1 from
6:00am to 8:45am; and Time Slot 2 from
7:45am to 10:00am. DANS schedules P6 1o
both Time Slot 1 and Time Slot 2 (o create
two hypotheses. When Po is place at Time
Slot 1 for hypothesis 1 (1Y D), 1t causes
conflict with P0. Since P6 has higher ptiority
than both PO and P1, placement of P6 within
this duration will delete activity PO and the
antenna solution cost becomes 4. When P6 is
placed at Time Slot 2 for hypothesis 2
(1HY2), it causes deletion of both PO and PI,
and the antenna solution cost is 4.21053. The
system then sort all the hypotheses based on
the antenna solution cost in ascending order.
The result guides the inference process at the
subsystem level without the necessity  of
performing an exhaustive scarch.

The system then  continues the  conflict
identification at the subsystem level for both
hypotheses.  Activity  P6 requires — seven
subsystem resources to accomplish the task.
They are the 1.MC, SI.E, TGC-A, MDA,
NAR, RCV, and S-TWM. DANS identifics
resource conflicts with PO for the 1.MC,
MDA, RCV subsystems for both hypotheses.
The combined solution cost for the HY]
becomes 8.28571. This combined cost is
then compared 1o the HY2 antenna cost,
which is 4.21053. If the combined cost
would have been less than the antenna cost
value, the system would stop here and sclect
the current hypothesis as the best solution.
Since this is not the case, the system
continues  on the next  hypothesis and
calculates the combined cost for 11Y2 as
§.53485.

cavity | Project | Priority [ Orbit View Request [ Valid Assignme
- Duration | Window nt
ro DSN 4 NA 60T | 7451245 T 91551075 ]
Pl DSN 4 N/A 60 9:15-12:45 | 9:15-10:15
PrPo (11 0 2 o0 1ninn 1A - - 15

Table : Example Activitics Jdescription




Based on the result, DANS selects the first
hypothesis as the solution since it has the
lowest combined cost. It schedules 1'6 to the
6:00am to 8: 00am duration and deletes 1° 0
from the resource timelines. The system
applies the same processtoreschedule 170
activity. It identifies 3 time slots to gencrate
hypotheses as shown in Figure 6. The
system identifics the first time slot to
schedule PO between 8:00am and 9:15am
with zcro cost. It stops here having
completed its task successfully to place the

from the

deleting any existing activitics
schedule.

8. RESCHEDUILING CONTEXT

At the highlevel of resource allocation,
schedule  execution dots not involve
execution monitoring, However,
rescheduling is o ften necessary duc to:
cquipment  outages, last  minute  track
requests, last minute changes to scheduled
tracks, and atmospheric conditions impact on

Galilco activity on the timcline without tracking  capabilities. Rescheduling
Hequest Window . . _ _ ___]
Orbit View
DSS-14 & - e
SS Resources. . .. [ Po I [ P1 ]
a. T 1 | | [
6:00 7:00 8:00 9:00 1(0:00
[ Time Slot 1 |
b. [ Time—Slot—2——— j
DSS-14 & e -
4 _
c. SS Resources. .. P | [/ Y I I [‘_HF” "T"]
6:00 7:00 8:00 9:00 10:00
DSS-14 & i
|, ;
A gs Resources - | W/ Fc)IG/// P1| _
6:00 7:00 8:00 9:00 10:00
DSS-14 & I
e. SS Resourgces. | P6] P P1 I—I
6:00 7:00 8:00 9:00 10:00

%

Temporal conflict

Kigure 6: Priority-Based Scheduling Iixample; @) initial condition; b) valid time dlots; c)
hypothesis | causcs PO conflicts; d) hypothe sis 2 causes PO & Pl conflicts; ¢) fial schedule after
placing 1’6 a 6:00am andrescheduling 1°0 to 8 00am.




can occur in two ways: (| ) it canbe initiated
top -down duc to a change (o a previously
scheduled track or addition of another request;
and  (2) it can occur bottom-up in that
equipment outages can occur or tracks can fail
necessitating rescheduling. In the event of  a
new or modified request, IDANS uses localized
scarch to consider alternative methods for
satisfying the ncw request. This scarch uscs as
its bounding function a disraption cost measure
which accounts for the overhead involved in
moving already scheduled tracks and also a
satisfaction mecasure accounting for what level
of requests have been satisfied. Because we
usc branch and bound techniques DANS can
guarantce that it will provide a reschedule
optimal with respect to the combined disruption
and satisfaction cost function.

In the event o f @ change in cquipment
availability, we. arc currently examining two
solution methods. In both methods IDANS first
updates al resource timelines to reflect the new
resource level. Then, depending on the. size of
the change there are (wo options. First, if the
change is localized DANS can perform branch
and bound search to re-cvaluate requests in
light of the new equipment situation.
However, if the change is to large in scope this
scarch is intractable.  For example, if an
antenna unexpectedly goes down for a several
day period the cascading effect on tracks can
be quite great and thus rule out exhaustive
search techniques. In these cases 1DANS can
instead first performs prioritized pre-emption to
remove low-priority tracks to remove conflicts
(by removing the lowest priority tracks
participating in each conflict) and then re-
evaluate project requests. This approach
requires farless search butcan produce
suboptimal results (with respect to the twin
goals of minimizing disruption and maximizing
request  satisfaction).  In the  previously
discussed taxonomy of reasons for complexity
in exccution and replanning, this type of
rescheduling corresponds to dynamism.

9. CONCI ,USIONS

This paper has described the Demand-based
Automated Network  Scheduling — system
(1D ANS), an automated scheduling systein

Jet I'repulsion
Laboratory (JPP1.) to schedule DSN resources.
DANS uses localized search and priority-based

being  developed  a the

pre-emption  to perform  priori[y-based
rescheduling inresponse to changing network
demand. In this techniques, DANS first
considers the antenna allocation process, as
ante.tmas arc the central focus of resource
contention.  After establishing  a range of
antenna  options, DANS then considers
allocation of the 5-13 subsystems per track (out
of the tens of shard subsystcms at each
antenna complex) used by cach track. DANS
uses localized priority-driven, best first search
to cfficiently consider the large sct of possible
subsystems schedules.
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